INTRODUCTION {#sec1-1}
============

Neoplasms of diverse cellular origin usually arise in the oral cavity, and among these, the oral squamous cell carcinoma (OSCC) and its variants constitute over 90% of the oral malignancies.\[[@ref1]\] Globally, overall, oral cancer has been reported as the 15^th^ most common (male and female) and 11^th^ most common cancer in men.\[[@ref2]\] However, there is a significant difference in the incidence of oral cancer in different regions of the world, with the age-adjusted rates varying from over 20/100,000 population in India to 10/100,000 in the USA and \<2/100,000 in the Middle East. In comparison with the US population, where oral cavity cancer represents only about 3% of malignancies, it accounts for over 30% of all cancers in India.\[[@ref3]\]

According to the data extracted from GLOBOCAN 2012, oral cancer in India ranks third among all types of cancer in terms of incidence and mortality although it stands first among the males and fifth among the females.\[[@ref2]\] Thus, it becomes important to diagnose OSCC as early as possible (primitive stage) so that early intervention reduces patient morbidity and increases survival rate.

In the past, various researches have been done to understand the pathogenesis of OSCC at molecular level so that it can be diagnosed early. The knowledge that has accumulated on the fine regulatory mechanisms of molecular alterations in cells undergoing malignant transformation promises development of tumor markers that can detect cancer in its early phase, thus helping in finding new treatment modalities and more accurate assessment of prognosis.\[[@ref4]\]

Mucins are high-molecular-weight glycoproteins with a high O-linked carbohydrate content, which are synthesized by many secretory epithelial cells as membrane-bound and/or secreted products.\[[@ref5]\] Mucins play a major role in cell growth, differentiation and cell signaling. Mucin expression has been seen in different epithelia; however, mucin gene expression is highest in the respiratory, digestive and reproductive systems. The cancer cells use mucin for cell proliferation, survival, invasion, metastatic growth and protection against innate immunity.\[[@ref5][@ref6]\]

This study was conducted to evaluate and compare the expression of mucin-1 (MUC1) in normal oral mucosa (NOM) and OSCC.

MATERIALS AND METHODS {#sec1-2}
=====================

Study group {#sec2-1}
-----------

### Inclusion criteria {#sec3-1}

The inclusion criteria of this study were as follows:

Histopathologically confirmed cases of OSCCIndividuals should be otherwise healthy, with no bar for age and genderIndividuals willing to participate in the study procedure with written consent.

Exclusion criteria {#sec2-2}
------------------

The exclusion criteria of this study were as follows:

Individuals having any systemic illness such as diabetes and hypertensionIndividuals with traumatic ulcers and herpetic lesions excluded from the study groupIndividuals unwilling to participate in the study.

Control group {#sec2-3}
-------------

### Inclusion criteria {#sec3-2}

The inclusion criteria of this study were as follows:

Individuals should be otherwise healthy, with no bar for age and genderIndividuals with no habit history tobacco, betel nut, alcohol.

### Exclusion criteria {#sec3-3}

The exclusion criteria of this study were as follows:

Individuals having any systemic illness such as diabetes and hypertensionIndividuals unwilling to participate in the study.

Tissue samples {#sec2-4}
--------------

The study protocol was approved by the Ethics Committee of our hospital. Thirty randomly selected patients of OSCC were clinically grouped using tumor, node and metastasis (TNM) classification.\[[@ref7][@ref8]\] Hematoxylin and eosin (H&E)-stained slides were examined and the histopathologically diagnosed cases of OSCC were scored as per the criterion given by Bryne *et al*. in 1991.\[[@ref9]\] The tumor invasive front was excluded as the specimens were obtained from incisional biopsy. The scores were calculated for each H & E-stained slide and prognosis was determined. Thirty patients were included in control group that comprised healthy volunteers (NOM obtained from crown-lengthening procedure and third molar/impacted tooth removal surgery).

Immunohistochemical staining {#sec2-5}
----------------------------

Three- to four-micrometer thick formalin-fixed paraffin-embedded sections were dewaxed in xylene and hydrated with graded ethanol, and then, the slides were kept immersed in distilled water for 5 min. The slides were placed in a metal slide rack, which, in turn, was kept in a pressure cooker containing boiling antigen retrieval solution for antigen retrieval. The pressure cooker was then sealed and brought to full pressure. The pressure cooker was allowed to cool down to room temperature with the slides remaining in the buffer itself for 15--20 min. Endogenous peroxidase was blocked with 3% H~2~O~2~ for 10 min. The slides were gently washed with Tris buffer and placed in the humidity chamber (buffer bath) for 5 min. The excess buffer on the slides was tapped off and covered with power block for 10 min. The power block solution was not washed with Tris; instead, it was gently tapped off the slides. The sections were covered with primary antibody (Rabbit Monoclonal Antibody MUC1, BioGenex Life Sciences Pvt. Ltd.) for 1 h. The slides were then washed gently with Tris thoroughly twice and kept in the Tris buffer bath and covered with super-enhancer for 30 min. Then, sections were incubated with secondary antibody for 30 min followed by two consecutive buffer washes, each for 5 min. Horseradish peroxidase was added to the sections and incubated for 30 min. The chromogen diaminobenzidine was prepared just before use by mixing one drop of chromogen to 1 ml of buffer in a mixing vial and later added over the sections. After 5 min, the sections were washed in buffer followed by water and counterstained with hematoxylin, air dried, cleared and mounted with dibutyl phthalate in xylene. Breast carcinoma specimen was used as positive control.

Interpretation of the immunohistochemistry slides {#sec2-6}
-------------------------------------------------

The stained sections were scanned under low power to determine the area that stained brown color against a blue background and was considered as positive for MUC1 immunoexpression. Cytoplasmic and/or membranous staining was considered as positive immunoreaction for MUC1.\[[@ref10][@ref11]\] The staining pattern in breast carcinoma was used as the standard to interpret the study sections.

The immunohistochemistry (IHC) stained slides were graded positive or negative as follows: negative if \<5% of the cells were immunopositive and positive if \>5% of the cells were immunopositive. Further grading of positive immunoreaction was done as follows: Grade I: 5%--25%, Grade II: 25%--50%, Grade III: 50%--75% and Grade IV: 75%--100% immunopositive cells. Furthermore, correlation between the grades of immunoexpression with clinicopathologic parameters was evaluated. Other factors such as staining intensity, distribution (focal or diffuse) and localization pattern (cytoplasmic or membranous or both) of IHC-stained slides were also evaluated. All IHC-stained slides along with the corresponding H & E sections were analyzed by two observers.

Pearson\'s Chi-square test was performed to analyze the expression pattern of MUC1 with various disease parameters. The results were considered statistically significant when *P* \< 0.05.

OBSERVATION AND RESULTS {#sec1-3}
=======================

The study comprised 30 cases of OSCC, out of which 26 were well-differentiated OSCC (WDOSCC), 3 were moderately differentiated OSCC and 1 was poorly differentiated OSCC. The study group comprised 23 males and 7 females with age ranged from 24 to 75 years with a mean of 49.4 years. Most of the patients affected belonged to 40--60 years of age group \[[Table 1](#T1){ref-type="table"}\]. Distribution of OSCC according to the site is shown in [Figure 1](#F1){ref-type="fig"}.

###### 

Age Distribution in OSCC study group
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![Pie diagram showing percentage of site distribution of the present study](JOMFP-22-210-g002){#F1}

In the OSCC study group, MUC1-positive immunoreaction was observed in 21 (70%) cases out of 30 \[Figures [2](#F2){ref-type="fig"} and [3](#F3){ref-type="fig"}\]. On the basis of immunohistochemical grading, 9 (30%) were negative, 13 (43.33%) were Grade I, 5 (16.66%) were Grade II and 3 (10%) were Grade III positive \[[Figure 4](#F4){ref-type="fig"}\]. Furthermore, 16 (53.33%) cases of OSCC study group showed MUC1 subcellular localization both at cytoplasm and membrane level, while 5 (16.66%) cases showed only membranous staining \[[Figure 3](#F3){ref-type="fig"}\]. In WDOSCC, the keratin pearls also showed immunopositivity for MUC1 \[[Figure 3](#F3){ref-type="fig"}\]. Among the 30 cases of OSCC, 9 (30%) cases showed immunoexpression of mild intensity, 7 (23.33%) cases showed strong intensity and 5 (16.66%) cases showed moderate intensity. All the samples within control group (normal tissues) exhibited negative immunoexpression for MUC1 \[[Figure 3](#F3){ref-type="fig"}\]. Statistically significant correlation was found between the MUC1 expressions in control group and OSCC study group, as *P* \< 0.001 (Pearson\'s Chi-square.) No statistically significant difference was found between the MUC1 expression and different clinical stages of OSCC nor between the different histopathological grades of OSCC, as *P* \> 0.05 (Pearson\'s Chi-square) \[Figures [4](#F4){ref-type="fig"} and [5](#F5){ref-type="fig"}\].

![Mucin-1 immunoexpression status in control group and oral squamous cell carcinoma study group](JOMFP-22-210-g003){#F2}

![(a) Histopathological image of oral squamous cell carcinoma (H&E, ×40). (b) Positive mucin-1 staining in oral squamous cell carcinoma (immunohistochemistry stain, ×40). (c) Positive mucin-1 staining showing membranous and cytoplasmic localization in oral squamous cell carcinoma (immunohistochemistry stain, ×400). (d) Negative mucin-1 staining in normal oral mucosa (immunohistochemistry stain, ×100)](JOMFP-22-210-g004){#F3}

![Bar diagram depicting correlation between tumor, node and metastasis staging and mucin-1 grade in oral squamous cell carcinoma study group](JOMFP-22-210-g005){#F4}

![Bar diagram depicting correlation between Bryne *et al*. histopathological grade and mucin-1 grade in oral squamous cell carcinoma group](JOMFP-22-210-g006){#F5}

DISCUSSION {#sec1-4}
==========

Among all the epithelial malignancies, OSCC is the most common malignant epithelial neoplasm affecting the oral cavity. It is estimated that \>90% of all oral malignancies are OSCC. Despite the advances in therapeutic approaches, percentage of morbidity and mortality of OSCC patients has not improved significantly during the past 30 years.\[[@ref1][@ref12]\]

Oral carcinogenesis is a highly complex multistep process. Over the years, a greater understanding of the biology of oral carcinogenesis has given us important advances for detecting high-risk patients, monitoring preventive interventions, assessing cancer risk and pharmacogenomics. During the process of carcinogenesis, many molecular structures are expressed *de novo*, while normal characteristics are lost. Immunohistochemical studies allow the identification of these molecular changes as "tumor markers" and contribute to the improved capacity in diagnosis and evaluation of prognosis. The advent of immunohistochemical techniques has played a huge role in this progress, being widely supported as a useful and a practical method for assessment of protein expression in tissue specimens.\[[@ref4][@ref13]\]

Recently, new markers such as mucins have been studied in the various cancers such as breast cancer, pancreatic cancer, upper respiratory tract cancer, esophageal cancer and also oral cancer.\[[@ref6][@ref10][@ref13][@ref14][@ref15][@ref16]\] Mucins are high-molecular-weight glycoproteins that play a major role in cell growth, differentiation and cell signaling. The cancer cells use mucin for cell proliferation, survival, invasion, metastatic growth and protection against innate immunity.\[[@ref5][@ref6]\] Among various mucins, expression of MUC1 transmembrane has been extensively studied in various types of tumors.

MUC1 was first identified in the milk fat globule membrane fraction and is described as a protein rich in serine, threonine, proline, glycine and alanine.\[[@ref17]\] MUC1 is a transmembrane glycoprotein with an extracellular domain consisting of a variable number of highly conserved tandem repeats of 20 amino acids, a transmembrane domain and a cytoplasmic tail of 69 amino acids.\[[@ref18]\] In cancers, MUC1 is often overexpressed and alters glycosylation, resulting in exposure of the core protein of the tandem repeat region.\[[@ref10][@ref18]\] MUC1 expression and alterations in glycosylation are associated with the development and progression of malignancy.\[[@ref6][@ref16]\] Therefore, mucins can be used as valuable markers to distinguish between normal and malignant conditions.

In this study, out of 30 cases, 21 (70%) were immunopositive and (30%) 9 were immunonegative for MUC1. All the control group samples showed no immunoreactivity to MUC1. Overexpression of MUC1 in OSCC study group compared with NOM was seen. A statistically significant correlation between the MUC1 expressions in control group and OSCC study group (as *P* \< 0.001, Pearson Chi-square) was seen. This suggests the role of MUC1 in the pathogenesis of OSCC. Our findings are in accordance with the findings of Nitta *et al*.\[[@ref10]\] In their study of 77 OSCC cases, 46 cases (59.7%) were MUC1 positive. Furthermore, Kumar *et al*. in their study noted an increased expression of MUC1 in OSCC cases compared to normal tissue, and all 20 cases showed positivity for MUC1.\[[@ref6]\]

Croce *et al*. studied MUC1 core protein and carbohydrate-associated antigens in head-and-neck carcinomas. Out of 29 samples, 24 showed immunopositivity for MUC1. They also found that MUC1 was expressed at varying levels, usually in keratinizing foci along with subepithelial neoplastic cells.\[[@ref19]\] Hamada *et al*. studied immunohistochemical expression of DF3/MUC1 in OSCC tissues from 206 patients. Positive staining (\>5% of cells stained) of DF3/MUC1 was observed in 80 OSCC cases (38.8%). In addition, aberrant DF3/MUC1 expression was found to be a significant risk factor for subsequent regional lymph node metastasis.\[[@ref20]\]

However, no statistically significant correlation was found between the MUC1 expression and different histopathological grades of OSCC, as *P* \> 0.05.

Based on clinical TNM staging, out of 30 cases of OSCC, the lesions were predominantly found in Stage III (16, 53.3%), followed by Stage I (10, 33.3%), Stage II (3, 10%) and Stage IV (1, 3.3%). There was no statistically significant difference of MUC1 expression between the different clinical stages of OSCC (as *P* \> 0.05). Similar results were seen in a study by Nitta *et al*.\[[@ref10]\] However, positive associations between expression of MUC1/DF3 and clinicopathologic characteristics were found in the study by Hamada *et al*. They concluded that overall aberrant expression of DF3/MUC1 was found to be strongly associated with tumor aggressiveness in patients with OSCC. In their study, the percentages of patients with positive lymph node metastasis, advanced tumor stage, diffuse invasion of cancer cells and vascular invasion were significantly higher in the DF3/MUC1-positive group compared with the DF3/MUC1-negative group.

In the present study, the immunoexpression of MUC1 subcellular localization was present at cytoplasm as well as at membrane level in 16 (53.33%) of the 30 cases. Five (16.66%) cases showed only membranous staining. The MUC1 localization was found in tumor cells and at the level of adjacent dysplastic epithelium. The immunopositive cells were mainly seen in basal and parabasal and sometimes in the entire epithelium. In WDOSCC, the keratin pearls also showed immunoreactivity. Similar findings were seen in studies by Nitta *et al*.\[[@ref10]\] and Kumar *et al*.\[[@ref6]\] The membranous and cytoplasmic staining of MUC1 in the squamous cells might be related to MUC1 structure. MUC1 consists of extracellular domain of tandem repeat array, a transmembrane domain and a cytoplasmic domain. This cytoplasmic domain is responsible for cytoplasmic staining.\[[@ref5][@ref18]\] The immunoreactivity of OSCC may also depend on the degree of cellular differentiation (keratinization) as seen in the study by Nitta *et al*.\[[@ref10]\]

In the present study, out of 30 cases, 9 were negative and 21 were positive for immunoexpression of MUC1. The distribution pattern MUC1 immunopositive cells in 21 OSCC cases were diffuse in 11 cases and focal in 10 cases. This distribution pattern is in accordance with the study by Nitta *et al*.\[[@ref10]\] and Kumar *et al*.\[[@ref6]\] They also reported focal and diffuse pattern of immunostaining in their respective studies. Out of 21 cases, 9 (30%) cases showed mild intensity, 7 (23.33%) cases showed strong intensity and 5 (16.66%) cases showed moderate intensity. The moderate-to-strong cytoplasmic reactivity of MUC1 may be due to the intracellular transport of the DF3 antigen. Membrane glycoproteins are synthesized in the rough endoplasmic reticulum and transported to the Golgi complex.\[[@ref10]\]

Studies have shown that MUC1 overexpression leads to loss of cell polarity and MUC1 acts as an anti-adhesion molecule. Overexpression of MUC1 on the cell surface reduces cell-cell and cell-extracellular matrix adhesion, probably because the large, elongated and rigid structure of MUC1 interferes with interactions between adhesion molecules and their ligands.\[[@ref10]\]

CONCLUSIONS {#sec1-5}
===========

In the present study, upregulation of MUC1 immunoexpression was seen in OSCC as compared to NOM. Hence, it can be concluded that MUC1 may play a vital role in the pathogenesis and progression of OSCC. It can also prove to be a useful diagnostic marker for OSCC. However, its usefulness as a marker for invasive/metastatic potential of OSCC and as a prognostic marker warrants further research.

Financial support and sponsorship {#sec2-7}
---------------------------------

Nil.

Conflicts of interest {#sec2-8}
---------------------

There are no conflicts of interest.
